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Background:The intake of total dietary
fat and of certain fat subtypes has been
shown to be strongly associated with
breast cancer in international compari-
sons and in animal experiments. How-
ever, observational epidemiologic stud-
ies have generally reported either weak
positive or no associations. To extend
the prospective epidemiologic evidence
on this question, we examined the asso-
ciation between adult dietary intake of
fat, fat subtypes, and breast cancer in a
large, prospective cohort of postmeno-
pausal women. Methods: Participants
were selected from a national breast
cancer mammography screening pro-
gram conducted from 1973 through
1981 at 29 centers throughout the
United States. From 1987 through
1989, 40 022 postmenopausal women
satisfactorily completed a mailed, self-
administered questionnaire that
included a 60-item National Cancer
Institute/Block food-frequency ques-
tionnaire. Women were then followed
for an average of 5.3 years; 996 women
developed breast cancer. Risk was as-
sessed by use of Cox proportional haz-
ard regression, with age as the under-
lying time metric. All statistical tests
were two-sided. Results: Compared
with women in the lowest quintile (Q1)
of percentage of energy from total fat,
the adjusted risk ratio (RR) and 95%
confidence interval (CI) for women in
the highest quintile (Q5) was 1.07 (95%
CI = 0.86–1.32). In analyses stratified
by history of benign breast disease
(BBD), a positive association was ob-
served among only women with no his-
tory of BBD (RR Q5 versus Q1 = 2.20;
95% CI = 1.41–3.42; test for trend,P =
.0003). The increased risk in these
women appeared to be attributable to
unsaturated fat intake and oleic acid in
particular. Conclusions: In this study,
there was no overall association be-
tween fat intake during adulthood and
breast cancer risk; however, among

women with no history of BBD, there
appeared to be a positive association
between total and unsaturated fat in-
take and breast cancer risk. [J Natl
Cancer Inst 2000;92:833–9]

Breast cancer is among the most preva-
lent types of cancer in women, both
worldwide and within the United States
(1). In the United States, the incidence of
breast cancer was 110 per 100 000 women
in 1996 (2), and in countries with tradi-
tionally lower incidences, substantial in-
creases have occurred in recent decades
(1). Because few modifiable risk factors
for the disease have been identified(3),
potential dietary associations are of great
interest.

The association between fat intake and
breast cancer has generated considerable
debate(4,5).Per capita total fat, saturated
fat, and monounsaturated fat supplies
were shown to be strongly correlated with
breast cancer incidence between countries
and within countries over time(6–8).
Populations migrating from areas with
low-fat diets to those with high-fat diets
acquire the destination country’s inci-
dence and mortality within one generation
(6,9) or even decades(10,11).The latter
suggests that adult exposures influence
breast cancer risk. Animal experiments
suggest that total and polyunsaturated fat
intake (linoleic acid, in particular) pro-
motes mammary tumorigenesis(12,13),
whereas the effects of saturated fat and
monounsaturated fat (oleic acid, in par-
ticular) are inconsistent(12,14,15).

Evidence from observational epi-
demiologic studies is conflicting. Most
case–control studies have shown a
modest increased risk associated with in-
creased intake of total fat and various fat
subtypes during adulthood and breast can-
cer (16). Prospective cohort studies(17–
23),however, have provided little support
for the dietary fat–breast cancer hypoth-
esis for either total fat or fat subtypes(24–
26).

We had the opportunity to investigate
the association between total dietary fat
and fat subtype intake and breast cancer
risk in a large, prospective cohort study of
postmenopausal women.

SUBJECTS AND METHODS

Study Population

Subjects are participants in the Breast Cancer De-
tection Demonstration Project (BCDDP) Follow-up
Cohort Study. They were selected from past partici-

pants in the BCDDP, a breast cancer-screening pro-
gram conducted from 1973 through 1981 in which
more than 280 000 women received up to five an-
nual breast cancer screenings at 29 centers through-
out the United States. Beginning in 1979, the Na-
tional Cancer Institute (Bethesda, MD) began the
BCDDP Follow-up Cohort Study on a subset of the
BCDDP participants (n4 64 182).

Women were selected for follow-up study on the
basis of their status at their last screening visit: di-
agnosis of breast cancer (n4 4275), nonmalignant
or benign breast disease (BBD) determined by bi-
opsy or breast surgery (n4 25 114), or recom-
mended for biopsy or breast surgery but did not have
the surgery performed (n4 9628). In addition, a
sample of women identified by screening to have no
evidence of breast disease was included (n4

25 165). The latter group was matched to those with
breast cancer and BBD on age and time at entry to
the BCDDP program, race, center, and length of
participation in the program. The BCDDP Follow-
up Cohort Study was approved by the Institutional
Review Board at the National Cancer Institute, and
written informed consent was obtained from all par-
ticipants.

Data were collected in three phases. In phase 1, a
baseline interview and up to six annual telephone
interviews were administered (from 1979 through
1986); in phase 2, a follow-up questionnaire was
mailed to the subjects (from 1987 through 1989);
and in phase 3, a second follow-up questionnaire
was mailed to the subjects (from 1993 through
1995). For all nonresponders to the mailed question-
naire, repeated attempts were made to conduct fol-
low-up interviews by telephone. Extensive efforts
were made throughout the study to locate women
lost to follow-up, including attempted tracing
through the National Center for Health Statistics Na-
tional Death Index through 1993.

Exposures and Covariates

Information about dietary intake and vitamin
supplement use, alcohol intake, self-reported height
and weight, and tobacco use was obtained in the
second-phase mailed questionnaire (from 1987
through 1989). At the baseline interview (from 1979
through 1986), information was obtained about fam-
ily history of breast cancer in a first-degree relative,
history of biopsies for BBD, use of female hormones
or oral contraceptives, age at menarche, parity, age
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at first live birth, date of cessation of menstrual pe-
riod, reason for cessation of menstrual periods if no
period was reported within the 3 months prior to the
interview, and any surgical procedures on the breast.
Annual telephone interviews and mailed follow-up
questionnaires were used to update this information.
Educational level was obtained at the first screening
visit. Body mass index (BMI) was defined as weight
in kilograms divided by squared height in meters.
History of BBD was defined at the time of the sec-
ond-phase interview as positive if a woman had ever
had a biopsy that indicated benign rather than ma-
lignant breast disease (22 287 [84.7%] of 26 315
women with BBD) or was recommended for a bi-
opsy but it had not yet been conducted (4028
[15.3%] of women with BBD). For most women,
BBD information was obtained from medical record
reports (87%). For women having a first biopsy prior
to inclusion in the study, BBD information was
based on self-report (13%).

Dietary Assessment

Average daily dietary intake information was as-
sessed by use of the Block/National Cancer Institute
60-item food-frequency questionnaire(27–29).
Women were asked to report their usual food intake
during the previous year. The questionnaire has been
described in detail, and its validity and reproduci-
bility have been reported elsewhere(29–31).With
software developed for the survey instrument, the
frequency of consumption of each food was multi-
plied by the nutrient content of reported portion
sizes to generate average daily intakes of nutrients
and energy. Frequency of servings of fruits and veg-
etables were also calculated(27). Questionnaires
with reported caloric intakes of fewer than 400 kcals
per day or greater than or equal to 3800 kcals per
day, as well as those with 30 or more skipped food
items, were considered to be inaccurate and were
excluded from analyses (n4 5051).

The primary exposures of interest were intake of
total fat and fat subtypes. Among the foods asked
about on the 60-item food-frequency dietary intake
instrument, the top dietary sources and percent con-
tribution to total fat in this analytic cohort were as
follows: mayonnaise and salad dressing (13.2%);
margarine (10.5%); cheese and cheese spread
(6.4%); salty snacks (chips and popcorn) (5.1%); 2%
milk (4.4%); doughnuts, cookies, and cake (4.2%);
ice cream (3.9%); hamburger, beef burrito, and
meatloaf (3.8%); eggs (3.6%); and peanuts and pea-
nut butter (3.2%). Among fat types, most of these
same foods were major contributors, with a shift in
the order of contribution for each fat type. The top
two contributors for each fat subtype (although they
represent only a small percentage of total intake)
were as follows: for saturated fat (cheese and cheese
spread [11.9%] and 2% milk [8.7%]); for linoleic
acid (mayonnaise and salad dressings [32.7%] and
margarine [16.2%]); and for oleic acid (margarine
[13.2%] and mayonnaise and salad dressings
[8.7%]).

Analytic Cohort

Of the 64 182 women selected for participation in
the follow-up study, 61 433 (96%) completed the
baseline interview and were available for study. Of
these women, those who were premenopausal at the
third-phase questionnaire (from 1993 through 1995)
(n 4 1370) or who had been diagnosed with breast

cancer prior to or at the time of completion of the
second-phase questionnaire (from 1987 through
1989) (n4 6431) were considered to be ineligible
and excluded from analyses. Menopause was de-
fined as not experiencing a menstrual period during
the previous 3 months. Women reporting surgical
menopause without removal of both ovaries were
considered to be menopausal when they reached
52.75 years of age (the median age at natural meno-
pause in this cohort) or the age at hysterectomy,
whichever came last (n4 649).

Of the remaining 53 632 eligible women, women
were excluded from analyses consecutively for the
following reasons: did not complete second-phase
questionnaire (n4 7583); unknown or missing
menopausal data (n4 476); completed dietary
questionnaire considered to be inaccurate (n4

5051); inappropriate start and exit dates (n4 157);
and missing covariate information for parity, age at
1st birth, and educational level (n4 343). Missing
information for other covariates was either imputed
based on the mean value for the cohort or, where
noted, included as “don’t know” in multivariate
analyses. At the administration of the second-phase
questionnaire, 92% of the analytic cohort were post-
menopausal and 8% became menopausal between
the second and third phase of the study. The final
analytic cohort included 40 022 women; a total of
26 315 (66%) of them were considered to have a
history of BBD, and 13 707 (34%) were considered
to have no history of BBD.

Case Identification

Breast cancer cases included in these analyses
were identified subsequent to the second-phase
questionnaire. Breast cancer status was obtained
from self-report, from reports of breast cancer on
death certificates, and from relatives. Of the 996
postmenopausal women who developed breast can-
cer in the analytic cohort, 80% were confirmed by
pathology reports. Because the accuracy of reporting
was high among those with pathology reports (97%
were confirmed as cancers), cancers without pathol-
ogy reports (n4 204) were included in the analyses.
A total of 838 of these cases were considered to be
invasive breast cancer, and 158 werein situ; cases
without pathology reports were considered to be in-
vasive.

Statistical Analysis

Risk ratios (RRs) and 95% confidence intervals
(CIs) were estimated by use of Cox proportional
hazards regression, with age as the underlying time
metric. All tests of significance were two-sided, and
all P values were calculated by use of the Wald test.
Subjects were considered to have entered the cohort
at their second-phase interview or date of meno-
pause, whichever came later, and to have exited the
study at their diagnosis of breast cancer, death from
other causes, last contact, date of bilateral prophy-
lactic mastectomy, or return of the follow-up ques-
tionnaire. Ninety percent of the women (35 328 of
40 002) in this analytic cohort were followed
through the third phase of the study (from 1993
through 1995).

RRs associated with usual daily intakes of per-
centage of energy from different dietary components
were examined on the basis of quintiles defined for
the entire population and as continuous variables.
Tests for linear trend were calculated by use of con-

tinuous variables modeled as linear terms. Mean in-
takes of dietary variables with both equal and un-
equal variances were also compared by use of
Student’st tests.

All analyses were adjusted for total energy intake.
We used four different energy-adjustment methods
and report results from the multivariate nutrient den-
sity method only, since few differences in associa-
tions were observed between methods(32,33).With
the multivariate nutrient-density method, the percent
of energy from each fat type of interest and total
energy intake are included in the analyses. In our
study, the quadratic term for energy was statistically
significant when adjusted for the percentage of en-
ergy from total fat and from all other covariates (P
4 .04). Therefore, to adequately adjust for energy
intake, we included the quadratic term in all analy-
ses.

We examined individual fat subtypes after adjust-
ment for other fat subtypes in the analyses. Thus,
we included in the multivariate analyses all of
the fat subtypes simultaneously, in addition to total
energy. Risk estimates associated with each fat type
can be interpreted as the effect of the substitution
of a percentage of energy from each particular
fat type for an equal percentage of energy from non-
fat sources of energy only (i.e., protein and car-
bohydrate). We examined each fat type modeled
both in quintiles, with the lowest quintile as the ref-
erent, and as a continuous factor. For continuous
factors, the risk estimates represent the effect of a
five-percentage unit change in energy from each fat
type.

In addition to total fat, fat subtypes, and energy,
we included in multivariate analyses the following
established and suspected risk factors for breast
cancer: total energy (quadratic), BMI (quadratic),
height (linear), first-degree family history of breast
cancer (yes, no, or don’t know), parity (yes or no),
parity (linear), age at first birth (linear), educational
level (less than a high school graduate, high school
graduate, some college education, or college
graduate), age at menarche (linear), BBD (yes or
no), alcohol use (yes or no), and alcohol use (linear).
We also examined the effect of the number of
weekly servings of fruits and vegetables consumed
(linear) and the use of exogenous hormones in
the year prior to interview (yes or no) on adjusted
estimates.

We examined the association between fat and fat
subtypes and breast cancer within strata of history of
BBD (yes or no), family history of breast cancer
(yes, no, or not sure), BMI (<21, 21–28, and >29
kg/m2), and alcohol intake (nondrinkers, 1–13 or
>13 g/day). We also examined interaction terms
from multivariate models for percentage of energy
from total fat and each of these factors.

RESULTS

Study participants (n4 40 022) aver-
aged 62 years of age (range, 42–91 years)
at the start of follow-up and were fol-
lowed an average of 5.3 years (range, 0.8–
8.2 years). Participants were predomi-
nantly white (n 4 35 477; 89%) and
parous (n4 34 753; 87%) and had a his-
tory of BBD (n 4 26 315; 66%). Forty-
six percent (n4 18 371) had at least some
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college education or a higher degree, and
21% (n4 8295) had a first-degree family
history of breast cancer.

Average daily intakes and quintile me-
dian values for percentage of energy from
total fat, fat subtypes, protein, and carbo-
hydrate, as well as total energy intake, are
shown in Table 1.

In analysis of covariates, total fat in-
take as a percentage of energy decreased
with increasing educational level, alcohol
intake, and fruit and vegetable intake. It
increased with increasing parity, energy
intake, and BMI (data not shown). Similar
patterns were observed for saturated fat,
unsaturated fat, oleic acid, and linoleic
acid. In adjusted analyses, increased
breast cancer risk was associated with in-
creased educational level, age at first
birth, BMI, height, alcohol intake, and de-
creased age at menarche and parity, as
well as a history of BBD, and a family
history of breast cancer (data not shown).

As shown in Table 2, percentage of
energy from total fat intake was not sta-
tistically significantly associated with
breast cancer risk (RRQ5 versus Q14 1.07
[95% CI 4 0.86–1.32]; test for trend,P
4 .51) nor was protein, carbohydrate, or
total energy intake. Results were similar
when we adjusted for energy intake by
use of three other techniques and when
we removed energy intake, BMI, and
BBD from the model. The addition of
servings of fruits and vegetables and recent
exogenous hormone use to the model as po-
tential confounders, as well as the removal
of women with in situ breast cancer from
analyses, also had little effect on results.

Table 2 also presents the adjusted RRs
associated with quintiles of percentage of
energy from fat subtypes. When all of the

fat subtypes were included in analyses si-
multaneously, no statistically significant
association between saturated fat, unsatu-
rated fat, oleic acid, linoleic acid, and
breast cancer risk was observed.

We hypothesized that a real associa-
tion between dietary fat intake and breast
cancer risk may be attenuated in women
with a history of BBD because they are at
increased risk of breast cancer and may
have changed their diet toward lower fat
intake or recalled their diet less accurately
as a result of the diagnosis. Consistent
with this hypothesis, in the subset of
women with a positive history of BBD,
we observed no association between total
fat intake and breast cancer risk (com-
pared with the 1st quintile [Q1] of intake,
RRQ2 4 1.1 [95% CI4 0.9–1.3], RRQ3

Table 1.Means and distributions of daily intake of total energy and percentage of energy from total fat,
fat subtypes, protein, and carbohydrates among 40 022 postmenopausal women participants in the Breast

Cancer Detection Demonstration Project Follow-up Cohort Study (from 1979 through 1995)

Nutrient Mean ±SD*

Percentile

10th 30th 50th 70th 90th

Total fat, % energy 35.0 8.5 23.9 30.8 35.2 39.5 45.4

Saturated fat, % energy 11.5 3.4 7.1 9.7 11.5 13.3 15.7

Unsaturated fat, % energy 23.5 5.9 16.1 20.4 23.4 26.3 30.6
Linoleic acid, % energy 7.3 3.2 3.7 5.5 6.9 8.5 11.2
Oleic acid, % energy 12.0 3.2 7.9 10.4 12.1 13.7 16.0
Other unsaturated fat, % energy 4.1 1.2 2.8 3.6 4.1 4.6 5.5

Protein, % energy 17.9 3.7 13.6 16.0 17.7 19.5 22.5

Carbohydrates, % energy 46.5 9.3 35.3 41.7 46.2 48.4 58.3

Total energy, kcals 1269.7 525.3 699.8 959.9 1175.7 1440.0 1936.8

*SD 4 standard deviation.

Table 2.Adjusted risk ratio (RR) of breast cancer by quintiles of percentage energy from fat and fat
subtypes, protein, carbohydrates, and energy among 40 022 postmenopausal women in the Breast Cancer

Detection Demonstration Project Follow-up Cohort Study (from 1979 through 1995)

Nutrient

Quintile (Q) of intake, % energy or kcals/day
P test

for trend*Q1 Q2 Q3 Q4 Q5

Total fat, % energy†
No. of cases 188 218 197 211 182 .51
RR 1.0 1.18 1.08 1.18 1.07
95% CI 0.97–1.43 0.88–1.32 0.97–1.45 0.86–1.32

Saturated fat, % energy†,‡
No. of cases 179 209 228 200 180 .67
RR 1.0 1.20 1.34 1.20 1.12
95% CI 0.97–1.48 1.07–1.66 0.95–1.51 0.87–1.45

Unsaturated fat, % energy†,‡
No. of cases 192 219 181 209 195 .35
RR 1.0 1.17 0.97 1.16 1.13
95% CI 0.95–1.43 0.78–1.21 0.92–1.46 0.88–1.45

Oleic acid, % energy†,‡
No. of cases 191 220 203 210 172 .92
RR 1.0 1.13 1.02 1.07 0.88
95% CI 0.91–1.41 0.80–1.32 0.80–1.43 0.62–1.25

Linoleic acid, % energy†,‡
No. of cases 195 209 190 207 195 .44
RR 1.0 1.08 0.98 1.08 1.05
95% CI 0.89–1.33 0.79–1.22 0.86–1.35 0.82–1.34

Protein, % energy†
No. of cases 192 210 215 200 179 .28
RR 1.0 1.08 1.12 1.04 0.91
95% CI 0.89–1.32 0.92–1.36 0.85–1.28 0.74–1.13

Carbohydrates, % energy†
No. of cases 199 198 197 219 183 .53
RR 1.0 1.00 0.98 1.08 0.91
95% CI 0.82–1.22 0.80–1.20 0.88–1.32 0.73–1.12

Energy, kcals§
No. of cases 183 183 234 209 187 .39
RR 1.0 0.96 1.21 1.05 0.94
95% CI 0.78–1.18 0.99–1.47 0.86–1.29 0.77–1.16

*P value (Wald test) for continuous linear term.
†Adjusted for total energy, body mass index, height, family history of breast cancer, parity, age at first

birth, educational level, alcohol use, age at menarche, and history of benign breast disease. RR4 adjusted
risk ratio; CI 4 confidence interval.

‡Mutually adjusted for other fat subtypes.
§Adjusted for all above factors except energy, saturated fat, and unsaturated fats.
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4 1.0 [95% CI4 0.8–1.2], RRQ4 4 1.0
[95% CI 4 0.8–1.3], and RRQ5 4 0.8
[95% CI 4 0.7–1.1]; test for trend,P 4
.20). In women with no history of BBD,
however, we observed a statistically sig-
nificant direct association between total
fat intake and breast cancer risk (test for
linear trend,P 4 .0003) (Table 3). A test
for interaction between percentage of en-
ergy from total fat and history of BBD
was significant (P 4 .0007).

On the other hand, among strata of
family history of breast cancer, BMI, and
alcohol intake, there was no association
between total fat intake and breast cancer.
Moreover, there was no association be-
tween the cross-products of low- and
high-fat and low- and high-fruit and veg-
etable intake and breast cancer.

Table 3 also shows that, in the subset
of women with no history of BBD, the
statistically significant increased risk as-
sociated with total fat intake was attribut-
able to unsaturated fat (RRQ5 versus Q14
2.64; 95% CI 4 1.56–4.44); test for
trend,P 4 .0006). When unsaturated fat
intake was divided into its constituents,
oleic acid, linoleic acid, and other unsat-
urated fats, the greatest increased risk
was associated with oleic acid intake
(RRQ5 versus Q14 1.82; 95% CI4 0.89–
3.71; test for trend,P 4 .03). Increased
carbohydrate intake was also associated
with decreased breast cancer risk in
these women (RRQ5 versus Q14 0.51; 95%
CI 4 0.34–0.77; test for trend,P 4
.002). Because increased carbohydrate in-
take is associated with decreased fat in-

take when energy intake is held constant,
the inverse relation between carbohydrate
intake and breast cancer may reflect
the direct relation between fat and breast
cancer.

To compare risk estimates from each
fat type, in the subset of women with no
history of BBD, we included in the analy-
ses each type as a continuous factor (Fig.
1) (34). Risk estimates represent a five-
percentage unit change in energy from
each fat subtype. Model 1 includes the
percentage of energy from total fat and all
other covariates (RR4 1.15; 95% CI4
1.07–1.24; test for trend,P 4 .0003).
Model 2 incorporates the two components
of total fat, saturated and unsaturated, si-
multaneously in the analyses. Only the
risk associated with unsaturated fat was
statistically significantly elevated (RR4
1.25; 95% CI4 1.10–1.41; test for trend,
P 4 .0006). Model 3 further divides un-
saturated fat into oleic acid, linoleic acid,
and all other unsaturated fats and also in-
cludes saturated fat simultaneously in the
analyses. Here, only the risk associated
with oleic acid was statistically signifi-
cant (RR4 1.53; 95% CI4 1.05–2.22;
test for trend,P 4 .03).

We examined several potential expla-
nations for the different associations be-
tween fat intake and breast cancer in
women with and without a history of
BBD. Underlying dietary food-item
sources of fat types were similar in both
groups of women. Women with a history
of BBD did, however, have a slightly
lower (mean ± standard deviation) intake
of percentage of calories from total fat
(34.93 ± 8.5 versus 35.10 ± 8.6) (P 4
.06), saturated fat (11.47 ± 3.4 versus
11.57 ± 3.4) (P 4 .005), and grams of
alcohol (3.84 ± 9.8 versus 4.07 ± 10.5) (P
4 .03) and a slightly higher mean intake
of fiber (11.54 ± 6.4 versus 11.40 ± 6.1)
(P 4 .03). Multivariate diagnostic proce-
dures to remove influential, extreme out-
lier data points did not alter the positive
association observed. Adjustment for
margarine intake (one of the main con-
tributors to both oleic and linoleic acid
intake) did not alter the association. Also,
the association persisted after removing
overweight women and women who
drank one drink or more per day from
analyses.

DISCUSSION

In this large, prospective cohort study
of postmenopausal women, we found
little association between total fat or any

Table 3.Adjusted risk ratio of breast cancer by quintile of percentage energy from fat, fat subtypes,
protein, and carbohydrates, and of total energy intake among 13 707 postmenopausal women with no

history of benign breast disease in the Breast Cancer Detection Demonstration Project Follow-up Cohort
Study (from 1979 through 1995)

Nutrient

Quintile (Q) of intake, % energy or kcals/day
P test

for trend*Q1 Q2 Q3 Q4 Q5

Fat, % energy†
No. of cases 32 53 50 59 61
RR 1.0 1.70 1.58 1.98 2.20 .0003
95% CI 1.09–2.64 1.01–2.48 1.27–3.06 1.41–3.42

Saturated fat, % energy†,‡
No. of cases 35 50 58 56 56
RR 1.0 1.24 1.31 1.21 1.24 .75
95% CI 0.80–1.93 0.83–2.07 0.75–1.96 0.75–1.96

Unsaturated fat, % energy†,‡
No. of cases 30 59 41 58 67
RR 1.0 2.04 1.47 2.30 2.64 .0006
95% CI 1.29–3.22 0.89–2.44 1.40–3.78 1.56–4.44

Oleic acid, % energy†,‡
No. of cases 33 48 56 64 54
RR 1.0 1.53 1.70 2.05 1.82 .03
95% CI 0.94–2.49 0.99–2.91 1.14–3.71 0.89–3.71

Linoleic acid, % energy†,‡
No. of cases 36 46 46 68 59
RR 1.0 1.15 1.10 1.51 1.29 .32
95% CI 0.73–1.79 0.69–1.74 0.96–2.37 0.78–2.13

Protein, % energy†
No. of cases 56 48 53 56 42
RR 1.0 0.82 0.91 0.90 0.72 .28
95% CI 0.56–2.12 0.62–1.33 0.61–1.31 0.48–1.10

Carbohydrates, % energy†
No. of cases 69 49 51 48 38
RR 1.0 0.68 0.69 0.64 0.51 .002
95% CI 0.47–0.99 0.48–1.01 0.43–0.93 0.34–0.77

Energy, kcals†,§
No. of cases 41 47 71 55 41
RR 1.0 1.13 1.68 1.30 0.96 .90
95% CI 0.74–1.72 1.14–2.47 0.87–1.96 0.62–1.49

*P value (Wald test) for continuous linear term.
†Adjusted for total energy, body mass index, height, family history of breast cancer, parity, age at first

birth, educational level, alcohol use, and age at menarche. RR4 adjusted risk ratio; CI4 confidence
interval.

‡Mutually adjusted for other fat subtypes.
§Adjusted for all above factors except energy, saturated fat, and unsaturated fats.
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fat subtype and breast cancer risk in the
cohort as a whole. Among those women
with no history of BBD, however, we
found a positive association between total
fat intake and breast cancer, which ap-
peared to be attributable to unsaturated fat
intake and specifically to monounsat-
urated fat (oleic acid).

Although women in our study were ex-
tensively screened for breast cancer and
women with BBD were oversampled, we
observed that other well-established risk
factors for breast cancer were associated
with risk (3), suggesting that the
etiology of breast cancer in this cohort is
not atypical.

Our finding of little or no overall as-
sociation between breast cancer and total
fat intake is generally consistent with
most other evidence from epidemiologic
studies. Given the recognized high corre-
lation between total energy and fat intake
(r 4 .86 in our data), variations in ob-
served risk from different studies may be,
at least partially, due to the use of differ-
ent methods of energy adjustment
(25,32,33).We examined the total fat–
breast cancer risk association with use of
the four methods of energy adjustment
used in other studies (i.e., the standard,
residual, nutrient density, and energy-
partition methods)(32,33) and saw no
evidence for an association.

Our finding of no association between
any of the fat subtypes examined and
breast cancer risk in the overall popula-

tion is also generally consistent with other
epidemiologic studies(24). Only two
other studies, however, adjusted for mul-
tiple fat subtypes simultaneously in their
analyses. The Harvard Nurses’ Health
Study (22) also observed no association
between any fat subtype and breast cancer
risk. In contrast, a Swedish cohort study
(21) reported a statistically significant
protective effect for monounsaturated fat
(oleic acid) and increased risk with higher
polyunsaturated fat (linoleic acid) intake.

Because some dietary fat subtypes are
highly correlated, it is difficult to disen-
tangle their independent association with
breast cancer. In our population, Pearson
correlation coefficients with percent of
calories from saturated fat were as fol-
lows: unsaturated fat, 0.64; linoleic acid,
0.30; and oleic acid, 0.82. In studies that
did not simultaneously adjust for other fat
subtypes, an apparent association with
one type may have included the contribu-
tion of one or more other types. In studies
that did simultaneously adjust, standard
errors associated with risk estimates will
have increased, resulting in wide CIs and
a loss of precision in risk estimates.

In comparing study findings of specific
fat types, it is also important to consider
that the underlying foods contributing to
intakes of specific fats and the chemical
properties of fatty acids may differ be-
tween populations. If fatty acids are modi-
fied (e.g., hydrogenated), they may be
metabolized differently and engender dif-

ferent breast cancer risks. The primary
food that contributes to oleic acid intake
in the Mediterranean, for example, is ol-
ive oil, whereas in our U.S. cohort, the
primary food source was margarine. Sev-
eral case–control studies(35) conducted
in Greece, Italy, and Spain reported de-
creased breast cancer risks associated
with increased olive oil intake (high in
oleic acid). Olive oil in the Meditterra-
nean diet, however, may also serve as a
proxy for another constituent of the diet
or for foods eaten in combination with a
diet high in olive oil, such as fruits and
vegetables(4). In the United States, many
margarines contain a hydrogenated form
of oleic acid, which may be associated
with increased breast cancer risk(15,36).
Thus, the breast cancer risk associated
with oleic acid intake in the Meditterra-
nean diet may well differ from that in the
U.S. diet.

Our finding of an increased breast can-
cer risk associated with total fat, unsatu-
rated fat, and oleic acid intake in women
with no history of BBD is intriguing. Few
data are available from other studies to
evaluate this finding. A meta-analysis
(37) with pooled results from seven pro-
spective cohort studies, in contrast to our
findings, reported no association between
total fat intake and breast cancer risk in
women with no history of BBD and a
nonsignificant positive association in
women with a history of BBD (RR4
1.29; 95% CI4 0.96–1.72), for a 25-g
change in fat intake. To our knowledge,
no previous epidemiologic studies have
examined the association between fat sub-
types and breast cancer in women with
and without a history of BBD.

The dietary fat–breast cancer associa-
tion that we observed in women with no
history of BBD may be due to chance.
Alternatively, we hypothesized that a real
association between dietary fat and breast
cancer risk may be attenuated in women
with a history of BBD because of possible
changes in diet, diet recall, or nondietary
behaviors after diagnosis of BBD,
whereas in women without a history of
BBD, an association could be revealed.
Consistent with this hypothesis, women
with a history of BBD reported a slightly
more “health promotional” dietary pro-
file. We did not have information avail-
able to us to assess other possible
changes. From a biologic perspective, di-
etary fat may be an important risk factor
for breast cancer in women without a his-
tory of BBD, whereas for women with a

Fig. 1. Adjusted risk ratio of breast cancer associated with a five-percentage unit increase in percent energy
from total fat and fat subtypes among 13 707 postmenopausal women with no history of benign breast disease
participating in the Breast Cancer Detection Demonstration Project Follow-up Cohort Study (from 1979
through 1995). All models included adjustments for total energy, body mass index, height, family history of
breast cancer, parity, age at first birth, educational level, alcohol intake, and age at menarche. In models 2
and 3, additional adjustments were made for other fat subtype(s).
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history of BBD, other factors, such as a
family history of breast cancer or repro-
ductive factors, may play a more pre-
dominant role. These explanations are
conjectural and warrant further study.

Validation studies(29,30,38–40)have
demonstrated that the food-frequency
questionnaire that we used provides rea-
sonable estimates of usual dietary intake.
Also, the range of percentage of energy
from each fat type in our study was con-
sistent with national survey data for
women in a similar age range(31,41).
Nevertheless, limitations of the food-
frequency questionnaire are present and
have been well described(38,42). Spe-
cific fatty acids, in particular, may be sub-
ject to measurement error because of dif-
ferences in fatty acid contents of multiple
foods on a line item and assumptions
about proportional intakes of these foods
or changes in the fatty acid composition
in the same foods over seasons of the year
and/or in the food supply from year to
year (36,43).Although the measurement
error present in our dietary assessment in-
strument could explain the lack of asso-
ciation that we observed between fat and
breast cancer risk in the overall cohort, it
is unlikely to explain the positive associa-
tion that we observed in women with no
history of BBD.

Similar to other epidemiologic studies
conducted in the United States and in Eu-
rope, our study was also limited by the
range of fat consumed by women. We did
not observe a decreased breast cancer risk
in women consuming less than 20% of
their energy from fat, but we did not have
an adequate range of intake to fully ex-
amine this association.

In summary, in this large, prospective
cohort study of postmenopausal women,
we found no overall association between
intake of total fat or any fat subtype dur-
ing adulthood and breast cancer risk. We
did, however, find in women with no his-
tory of BBD a positive association be-
tween increased intake of total fat and
breast cancer risk that appeared to be at-
tributable to unsaturated fat intake. It
would be valuable for this latter finding to
be investigated in other studies.
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